Background-Ulcerative colitis is associated with an increased risk of colorectal cancer above that of the normal population. The relative risk correlates with the extent and duration of the disease but the genetic basis of ulcerative colitis associated cancer risk is not known. Aims-To assess the prevalence of microsatellite instability and mismatch repair gene abnormalities in ulcerative colitis associated colorectal cancer. Patients-Forty six patients with colorectal cancer, with a previous histological diagnosis of ulcerative colitis. Methods-The frequency of microsatellite instability and/or immunohistochemical expression of hMSH2 and hMLH1 was assessed. Thirty three cases were investigated using both approaches. Results-Although 6/41 (14.6%) cases showed microsatellite instability at one or more markers, only one case (2.4%) exhibited high level instability (at least two markers aVected). Of 38 cases which were assessed using antibodies against hMSH2 and hMLH1, only one case (2.6%) showed loss of expression. This case, which showed loss of hMSH2 expression, was the same case which exhibited high level microsatellite instability. The 33 cases which were investigated using both approaches showed that loss of expression of either hMSH2 or hMLH1 was not seen in any case which exhibited microsatellite instability in no more than one marker. Conclusions-This study suggests that both high level microsatellite instability and loss of expression of hMSH2/hMLH1 are infrequent events in ulcerative colitis associated colorectal cancers. Low level microsatellite instability was not associated with loss of expression of either hMSH2 or hMLH1.
Hereditary non-polyposis colorectal cancer (HNPCC) is an autosomal dominant condition caused by a defect in the DNA mismatch repair pathway, with the majority of cases having germline mutations in the hMSH2 or hMLH1 genes. 1 Such mutations often lead to the production of a truncated protein. 1 In somatic tissue the second functional copy of the gene may then be inactivated either by allele loss, hypermethylation of the promoter, or further mutation. Errors at DNA replication are corrected via the DNA mismatch repair pathway and any defect within this system will lead to the rapid accrual of genome wide mutations. Tumours which have defective mismatch repair show a characteristic molecular phenotype, termed microsatellite instability (MI), 2 as repeated DNA sequences (microsatellites) are often replicated incorrectly. If the mismatch repair system does not correct these errors then these regions of DNA can become extended or shortened in relation to the original template. HNPCC tumours characteristically show a high level of altered microsatellite sequences (over 29% of microsatellites tested would be aVected 2 ) and are also termed replication error (RER) positive. Approximately 10% of sporadic colorectal cancers are also RER positive 3 4 and patients with these carcinomas appear to have a better prognosis than patients whose carcinoma is RER negative. [3] [4] [5] The inflammatory bowel disease ulcerative colitis is associated with an increased risk of colorectal cancer above that of the normal population. 6 The relative risk has been shown to correlate with the extent and duration of disease 7 8 but the genetic basis of ulcerative colitis associated cancer predisposition is poorly understood. MI has been found to be a feature of some ulcerative colitis associated colorectal cancers [9] [10] [11] ; however, the reported incidence varies from 21% 10 to 40%. 11 High level MI (two or more markers aVected), which is a feature of HNPCC tumours, has been reported in 8-40% of ulcerative colitis associated colorectal cancers. 10 11 It is not clear whether the increased cancer risk in some patients with ulcerative colitis may be owing to a genetic predisposition such as a variant type of HNPCC.
It has been reported that low, and even high level MI may be seen in non-neoplastic mucosa of patients with ulcerative colitis without a colorectal carcinoma 11 and in chronic inflammatory conditions such as pancreatitis. 12 The finding of MI in 85% of patients with ulcerative colitis with high grade dysplasia and in 60% with no dysplasia lead Brentnall and colleagues 11 to suggest that this may represent the saturation of the DNA repair process owing to continuous cell regeneration associated with chronic inflammation. Furthermore, it was suggested 11 that this could possibly account for the increased risk of colorectal cancer that is associated with ulcerative colitis, owing to an increased frequency of uncorrected errors. It has been reported that polymorphisms of both hMSH2 and hMLH1 are associated with ulcerative colitis or ulcerative colitis related cancer risk. 13 14 It has been suggested that ulcerative colitis may stress a suboptimal mismatch repair system in patients with a particular hMSH2 phenotype, thus giving rise to uncorrected mutations and increasing the risk of cancer. 13 In this scenario uncorrected mutations could occur within DNA mismatch repair genes leading to loss or reduction of this repair function. A further theory suggests that folate deficiency, which is seen in some patients with long standing ulcerative colitis, could contribute to aberrant DNA replication and repair. 15 We and others have previously shown that sporadic colorectal carcinomas which exhibit high level MI (RER positive) have lost expression of either the hMSH2 or hMLH1 proteins. 16 17 For hMLH1 in particular this may be owing to hypermethylation of the promoter region. 18 19 In ulcerative colitis associated colorectal cancers the status of these proteins has not been studied.
We investigated a series of 46 ulcerative colitis associated colorectal cancers using a combination of fluorescence MI assays and immunohistochemical analysis of hMSH2 and hMLH1. We aimed to confirm the frequency of low and high level MI in ulcerative colitis associated colorectal cancers and to determine whether these cancers show a higher prevalence of MI than sporadic cases. This may support a theory of inflammation causing continuous tissue regeneration and saturation of mismatch repair leading to uncorrected errors, possibly enhanced by a deleterious genetic polymorphism. High level MI may indicate a possible causative link with a variant HNPCC phenotype. We also aimed to assess the status of the hMSH2 and hMLH1 proteins in these cancers. The incidence of loss of expression of these proteins may again indicate whether ulcerative colitis cancer predisposition could be owing to variant HNPCC. Finally, we aimed to correlate the status of hMSH2/hMLH1 with the MI results.
Materials and methods

PATIENTS
Forty six colorectal adenocarcinomas were assessed from 46 patients with a previous histopathological diagnosis of ulcerative colitis.
PCR BASED MICROSATELLITE INSTABILITY ASSAY
Following histological assessment and microdissection, DNA was extracted from formalin fixed, paraYn wax embedded normal (uninvolved large/small bowel or cancer free lymph node) and carcinoma tissue for each patient using a rapid method developed for use with the Nucleon DNA extraction kit (Scotlab Ltd, Strathclyde, UK). 20 A fluorescence multiplex MI assay, as described previously, 21 was used with a panel of four markers: D5S346, 22 p53(2), 23 DCC (2), 23 and RB1. 23 If at least two markers showed MI the carcinoma was classified as RER positive.
IMMUNOHISTOCHEMICAL STAINING OF hMSH2 AND hMLH1
One block of formalin fixed, paraYn wax embedded adenocarcinoma tissue was selected per case. Wherever possible, this block included a region of non-neoplastic mucosa adjacent to the carcinoma. Immunohistochemical analysis was performed using monoclonal antibodies against hMSH2 (NA27, Calbiochem, Nottingham, UK) and hMLH1 (13291A, Pharmingen, San Diego, California, USA) as described previously. 16 All results were scored without knowledge of the MI results. Loss of expression was recorded when nuclear staining was seen in non-neoplastic tissue but was completely absent in adjacent malignant cells.
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Results
Forty six ulcerative colitis associated colorectal carcinomas were assessed from 46 patients. Five cases were suitable only for immunohistochemical analysis owing to the lack of suYcient tissue for DNA extraction. Eight cases were only analysed using the MI assay as the blocks were unavailable when the immunohistochemical assays were performed. Thirty three cases were investigated using both approaches. Although 6/41 (14.6%) cases showed MI at one or more marker, only one case (2.4%) exhibited high level instability (at least two markers aVected). From a total of 38 cases which were assessed using antibodies against hMSH2 and hMLH1 only one case (2.6%) showed loss of expression. This case, which showed loss of expression of hMSH2, was the same case which exhibited high level MI. The 33 cases which were investigated using both approaches showed that loss of expression of either hMSH2 or hMLH1 was not seen in any case which was MI negative (28 cases) or exhibited MI in only one marker (four cases).
Discussion
Our findings suggest that, although MI is a feature of a subset of ulcerative colitis associated colorectal cancers, high level MI (at least two markers aVected) is seen infrequently. Our results are similar to those of Suzuki and colleagues 10 who reported frequencies of 21% and 8% for low and high level MI respectively in a series of 68 ulcerative colitis associated cancers. The report by Brentnall and colleagues 11 which describes a finding of high frequency MI in 40% of ulcerative colitis associated colorectal cancers may have been an overestimate owing to the use of only five cases and the scoring of MI based on an autoradiographic approach.
The frequency of MI which we have detected in ulcerative colitis associated colorectal cancers is not dissimilar to that seen in sporadic colorectal cancers, 3 4 16 and may be slightly lower. This suggests that saturation of the mismatch repair system may not be a causative factor in the majority of ulcerative colitis associated cancers. The low incidence of high level MI also suggests that a variant HNPCC phenotype is unlikely to be responsible for the increased risk of colorectal cancer in most patients with ulcerative colitis. Immunohistochemical analysis of hMSH2 and hMLH1 expression in 38 cases revealed a low frequency of defects in these major mismatch repair proteins. This again suggests that a variant type of HNPCC which is based on germline mutations in hMSH2/hMLH1 is not a major cause of ulcerative colitis associated cancers.
Loss of expression of hMSH2 was associated with the single case which showed high level MI. This 34 year old patient had no family history of colorectal cancer and presented with a Dukes's stage C1 adenocarcinoma of the proximal colon 24 years after the onset of ulcerative colitis.
We have previously reported the association between high level MI and loss of hMSH2/ hMLH1 expression in sporadic colorectal cancers. 16 Low level MI (one marker only aVected) was not associated with loss of expression of either hMSH2 or hMLH1 in sporadic colorectal cancers 16 and the same finding was noted for four ulcerative colitis associated cancers in this study. This suggests that low level MI may be associated with incomplete loss of expression of hMSH2/ hMLH1, or loss of expression of a diVerent mismatch repair enzyme-for example, hPMS1, hPMS2, hMSH6/GTBP, or hMSH3. Alternatively, low level MI could be the result of saturation of the mismatch repair system.
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In conclusion, this study suggests that both high level MI and loss of expression of hMSH2/hMLH1 are infrequent events in ulcerative colitis associated colorectal cancers. The incidence of MI is similar to that seen in sporadic colorectal cancers but may be lower in ulcerative colitis associated colorectal cancers. This work was supported by Yorkshire Cancer Research.
